Objective The purpose of the present article was to systematically review the literature investigating the long-term physical health consequences of childhood sexual abuse (CSA). Methods Literature searches yielded 31 studies comparing individuals with and without a history of CSA on six health outcomes: general health, gastrointestinal (GI) health, gynecologic or reproductive health, pain, cardiopulmonary symptoms, and obesity. Exploratory subgroup analyses were conducted to identify potential methodological moderators.
overall physical health than participants without abuse histories (Golding, Cooper, & George, 1997) . However, two studies have failed to find significant differences in general health reported by participants with and without CSA histories (Runtz, 2002; .
Gastrointestinal Health
Research conducted with gastroenterology clinic patients has found that 53% of patients with functional (non-organic) GI disorders have a history of CSA compared with 37% of those with organic disorders (Drossman, 1995) . Similarly, Talley and colleagues (Talley, Fett, & Zinsmeister, 1995) found that patients with a history of CSA were 1.7 times more likely to suffer from IBS symptoms than those without abuse history. Several studies have suggested that among primary care patients, individuals with a history of CSA are more likely to report experiencing GI symptoms than patients without CSA history (Felitti, 1991; Hulme, 2000; Jamieson & Steege, 1997; Lechner Vogel, Garcia-Shelton, Leichter, & Steibel, 1993) .
Gynecologic Health
Research on CSA and women's health has identified a strong link between CSA and chronic pelvic pain (CPP). Studies of medical samples have generally confirmed that women with CPP report higher rates of CSA than women without CPP Walker et al., 1988; . Analyses of several community, student and nationally representative groups of women have revealed that individuals with a CSA history report more gynecologic symptoms than non-abused comparison groups (Ernst, Angst, & Foldenyi, 1993; Jamieson & Steege, 1997; Springs & Friedrich, 1992) . However, these results have not been consistent across all studies, with a number of well-designed studies finding no significant differences in the gynecologic health of women with and without a history of CSA (Lechner et al., 1993; Runtz, 2002; Sickel et al., 2002) .
Pain
Researchers have also investigated the association between CSA and other types of pain and pain disorders. For example, CSA experiences predicted greater risk for later musculoskeletal pain symptoms including headaches (Domino & Haber, 1987; Felitti, 1991) , back aches (Golding, 1994; Walker, Gelfand, et al., 1999) , muscle aches (Newman et al., 2000) , fibromyalgia (Walker et al., 1997) , joint pain , and general pain symptoms (Golding, 1994; Jamieson & Steege, 1997) . In contrast, a number of studies have failed to find differences in general pain measures between individuals with and without a history of CSA (Chartier, Walker, & Naimark, 2007; Lechner et al., 1993; Runtz, 2002) . Additionally, sex may moderate these findings as two studies have suggested significant effects of CSA on pain in females but not males (Bendixen, Muus, & Schei, 1994; .
Cardiopulmonary Symptoms
Research in community samples has suggested that individuals with a history of CSA are more likely to report experience chest pain, shortness of breath, irregular heartbeat, and ischemic heart disease (Dong et al., 2004; Hulme, 2000; Walker, Gelfand, et al., 1999) as well as overall poorer cardiopulmonary health (Golding, 1994; Goodwin & Stein, 2004) than individuals without CSA history (see Lechner et al., 1993 , for an exception).
Obesity
Finally, obesity has been shown to be associated with both CSA history and a number of psychological and physical health problems (for a review, see Gustafson & Sawrer, 2004) . Research in a variety of community samples has demonstrated that individuals with a history of CSA are at increased risk for obesity [Body Mass Index (BMI) !30; Aaron & Hughes, 2007; Chartier, Walker, & Naimark, 2009; Felitti, 1991;  for an exception, see Johnson, Cohen, Kasen, & Brook, 2002] . Noll and colleagues (Noll, Zeller, Trickett, & Putnam, 2007) conducted a prospective, longitudinal study of girls with and without substantiated CSA to evaluate the developmental changes in BMI from childhood to early adulthood. Results revealed that although abused girls increased body mass at a steeper rate than non-abused girls, the groups did not significantly differ in BMI until early adulthood. Sex may also moderate the relationship between CSA and obesity. For example, Mamun and colleagues (2007) found penetrative CSA was associated with increased BMI in women, but not in men.
Psychobiological and Behavioral Factors
Given the breadth of health problems that have been linked to CSA, research has consequently examined a wide range of possible mechanisms for this relationship. Severe traumatic stress at an early age may cause disruption and dysregulation in the neuroendocrine and sympathetic nervous systems (SNS), which impact other body systems (for a review, see Shonkoff, Boyce, & McEwen, 2009 ). The physical manifestations of these alterations include a variety of health problems (including GI, gynecologic and cardiopulmonary symptoms, pain and obesity), although they may not become apparent until adulthood (see Shonkoff et al., 2009 ).
Additional behavioral risk factors are more common in CSA victims, including substance use, smoking, risky sex behaviors, and lack of regular exercise (e.g., Chartier et al., 2009; Springs & Friedrich, 1992; Walker, Gelfand, et al., 1999) . Psychopathology, such as depression or PTSD, is often reported by adult victims of CSA (see Neumann et al., 1996; Paolucci et al., 2001) , and may impact physical health symptoms both directly and indirectly through health behaviors. In sum, a wide range of biological and behavioral mechanisms have been proposed to explain the association between CSA and later physical health.
Methodological Moderators
Although findings have consistently linked CSA and physical health outcomes, there have been notable exceptions. The reasons behind these inconsistencies are unclear, but may reflect methodological differences, such as differences in samples or differing operational definitions of abuse. Although qualitative reviews have suggested a number of explanations for varying effect sizes (e.g., Leserman, 2005; Springer et al., 2003) , no study to date has evaluated these factors using meta-analysis. Meta-analysis provides the opportunity to determine whether differences between studies' methodologies account for meaningful differences in results. The present review examined five methodological factors: type of sample, sex of sample, definition of abuse, method of CSA assessment, and type of comparison group.
Clinical samples (e.g., GI clinic patients, psychiatric outpatients) may inflate the relationship between CSA and health and are not generalizable to the population (e.g., Rind et al., 1998) . Community samples may provide a more accurate estimate of the increased health risk associated with CSA history. Sex is another sample characteristic that may influence results. Prevalence rates of CSA are twice as high for girls (Bolen & Scannapieco, 1999) , which may help explain why many studies of CSA and health often rely on female samples. When males and females are directly compared, results generally report larger effect sizes in females than males (e.g., Bendixen et al., 1994; . These sex differences may be influenced by various factors such as cultural sex norms or differences in types of abuse experienced.
Prevalence rates and effect sizes are also affected by the way in which abuse is defined. Reviews have noted the lack of standardization and wide range of definitions of CSA (for reviews, see Hulme, 2004; Leserman, 2005) . A broad definition of CSA includes acts of sexual contact such as penetration, oral sex, and inappropriate touching as well as sexual acts that do not involve actual contact such as exposure to genitals or pornography. Narrow definitions might include only sexual acts that involve contact, or only specific acts such as penetration. Prevalence rates tend to be higher when broad definitions of CSA are employed, which may affect physical health differences between CSA and comparison groups (e.g., Alami & Kadri, 2004; Leserman, 2005) .
Furthermore, the way in which abuse is assessed may be an important methodological factor, although recommendations for assessment are mixed (for a review, see Hulme, 2004) . In most cases, CSA is assessed by retrospective self-reports of the victims, either via self-administered questionnaire or interview. Questionnaires may allow for anonymity and reduce participants' embarrassment or discomfort while interviews allow for the development of rapport and reduction of confusion or incomplete data (see Hulme, 2004; Peters, Wyatt, & Finkelhor, 1986) . CSA data may also be collected via review of medical or legal records, though this is much less common. Child abuse often goes unreported, which may be problematic when determining CSA and comparison groups based solely on chart review (e.g., Besharov, 1997) . Even within a single study, results obtained through one method of assessment are often substantially different than those obtained through a second method of assessment (e.g., Raphael, Widom, & Lange, 2001) .
The final methodological concerns differences in comparison groups. The present review has identified four common types of comparison groups: participants who did not report CSA, participants who did not report sexual abuse (SA) at any point during childhood or adulthood, participants who reported that they had never experienced any type of childhood abuse (CA), and participants who reported other types of abuse such as child physical abuse or less severe sexual abuse than the ''CSA group.'' If the purpose of research is to determine the impact of CSA on long-term health outcomes, it seems important to strictly define a control group with no abuse history. This limitation appears to be one of the most significant, yet unappreciated, flaws in the methodology of the current literature. A more precise definition of comparison groups would help to clarify the relationship between CSA and health, and provide more opportunity to examine underlying mechanisms of this relationship.
While the relative contributions and specific characteristics of hypothesized mechanisms are not yet well understood, the pathway from CSA to long-term physical health is clearly complex. The current meta-analysis aims to standardize and synthesize the broad literature pertaining to CSA and physical health outcomes and to examine several methodological moderators that have been posited to influence such research in order to suggest future areas of research to further clarify the impact of CSA on physical health.
Hypotheses
The following hypotheses were tested: (1) individuals with a history of CSA would report more general, gastrointestinal, pain, gynecologic, and cardiopulmonary symptoms, and would be more likely to be obese than individuals without a history of CSA; (2) studies comprised of clinical samples would demonstrate greater mean differences between CSA and comparison groups than studies comprised of community samples; (3) analyses of studies including only female participants would yield greater differences between CSA and comparison groups than studies that included male participants; (4) when the definition of abuse included only acts involving contact, rather than non-contact sexual acts (e.g., exposure or harassment), the mean effect sizes would be greater; (5) the more the comparison group excluded participants for lifetime abuse history, the larger the mean group difference would be between CSA and comparison groups. In addition, the present analysis sought to explore the potential moderating effect of CSA assessment method, which may help address the inconsistencies in this literature.
Methods

Selection of Studies
Literature searches were conducted in PsycINFO, MEDLINE, and PILOTS databases to identify appropriate articles. Search terms included various combinations of the following: child(hood), sexual abuse, sexual assault, adversity, physical health, health outcomes, gastrointestinal, gynecologic, cardiovascular, cardiopulmonary, pain, symptoms, obesity, BMI. Reference sections of identified articles were also searched. Authors were contacted and asked to provide any non-significant or unpublished findings regarding CSA and physical health. No additional studies were obtained by this method.
Empirical studies were selected for inclusion based on five criteria. First, articles must have been available in English. Second, participants had to be adults or older adolescents with several years between the abuse and assessment. The average amount of time between abuse and assessment varied greatly among included studies, ranging from approximately seven years (Sickel et al., 2002) to over three decades (Felitti, 1991) . Third, acceptable articles must have compared individuals with a history of CSA to an appropriate comparison group. Fourth, studies must have included at least one health outcome variable (either dichotomous or continuous) that fit into one of the following six categories: general health, gastrointestinal health, gynecologic health, musculoskeletal or general pain, cardiopulmonary symptoms, or obesity. Finally, studies must have provided the necessary statistical data for analysis. Based on these criteria, 31 studies were included in the present meta-analysis.
Coding of Studies
For each study, two reviewers coded a number of sample, abuse, group, and statistical characteristics. Type of sample was coded as either clinical or community. Clinical samples included individuals recruited from specialty health facilities (e.g., pain centers), general/primary care facilities, and psychiatric outpatient facilities. Samples derived from health plan members (i.e., HMOs) were coded as community samples unless participants were specifically recruited based on medical condition. In addition to noting sample sizes, studies were coded for whether their samples included both males and females or females only.
Type of assessment was coded as self-report questionnaire, interview (e.g., telephonic or clinical interview), or chart review. One study (Raphael et al., 2001 ) included CSA data from both self-report and chart review. The self-report data were used in the present review to ensure inclusion of individuals with undocumented CSA. Definition of sexual abuse was coded as either ''penetration during childhood'', ''sexual contact during childhood'' (including penetration, inappropriate touching, etc.), or ''any sexual acts during childhood'' (including sexual contact and/or non-contact acts such as exposure to pornography or sexual harassment). All abuse definitions included forced or unwanted acts and/or inappropriate age differences between the child and the abuser (generally 5 years). If the definition of abuse was unclear, the study was coded as ''any sexual act''. When data were presented separately for multiple types of abuse (e.g., penetration, touching without penetration, no contact) and no aggregate statistics were provided, the most severe form of abuse (generally penetration) was used to define the CSA group.
Comparison groups were considered ''No CSA'' if group members reported not having a history of CSA. They were coded ''No CA'' if groups members reported no forms of child abuse (e.g., no CPA or CSA), and ''No SA'' if comparison group members had no history of SA at any age. In cases where multiple comparison groups were available, the group with the least amount of abuse was selected as the comparison group for meta-analysis.
Additional coded variables included means and standard deviations for continuous measures of each of the six health outcome categories and the number and/or percentage of each group endorsing a dichotomous measure for each of the six health outcome categories. In some studies, statistics were reported separately for a number of symptoms within one health category. In such cases, rather than arbitrarily select one symptom to represent the health outcome, the mean across symptoms was computed (Lipsey & Wilson, 2002) . If health outcomes were reported at multiple time points, the time point furthest from the time of abuse was used, in an attempt to examine the most long-term effects possible.
As meta-analytic statistical procedures differ when comparing groups on a continuous versus dichotomous outcome, studies were separated based on the measurement used. Studies included in the meta-analysis are summarized in Table 1 . Four studies (Finestone et al., 2000; Newman et al., 2000; Sickel et al., 2002; Walker, Gelfand, et al., 1999) reported both continuous and dichotomous health outcomes, and therefore are included in both sets of analyses. Three studies (Bendixen et al., 1994; Mamun et al., 2007; reported results separately for males and females, but no aggregate results. As there was no overlap between the samples, we include male and female results as separate studies (Lipsey & Wilson, 2002) . Only one study (Runtz 2002) reported continuous data for gynecologic health and no studies reported continuous data for cardiopulmonary health. Therefore, the present analyses were conducted on 10, rather than 12, health outcomes: continuous measures of general health, GI health, pain, and obesity and dichotomous measures of general, GI, gynecologic and cardiopulmonary health, pain, and obesity.
Data Analysis
Statistical analyses were based on the recommendations of Lipsey and Wilson (2002) . A standardized mean difference effect size (d) was calculated for each continuous health outcome in each study by subtracting the mean of the comparison group from the mean of the CSA group and dividing by the pooled standard deviation. The pooled standard deviation was obtained with the formula
Þ=ððn G1 À 1Þ þ ðn G2 À 1ÞÞÞ where n G1 is the number of participants in the CSA group, s G1 is the standard deviation of the CSA group, n G2 is the number of participants in the comparison group, and s G2 is the standard deviation of the comparison group. As this estimation of d has been shown to be biased in small samples, estimates of d have been corrected with the formula d ¼ (1 À 3/4N À 9)*(X 1 À X 2 )/s p, where N is the total sample size, X 1 is the CSA group mean, X 2 is the comparison group mean, and s p is the pooled standard deviation (Hedges, 1981) . The standard error (SE d ) was calculated for each d with the formula
is the number of participants in the CSA group and n G2 is the number of participants in the comparison group. A logged odds ratio (LOR) was calculated for each dichotomous health outcome in each study by taking the natural logarithm of a*e/b*c where a is the number of people in the CSA group endorsing the health outcome, b is the number of people in the CSA group not endorsing the health outcome, c is the number of people in the comparison group endorsing the health outcome, and e is the number of people in the comparison group not endorsing the health outcome. The standard error was computed for each LOR (SE LOR ) using the formula SE LOR ¼ 1/a þ 1/b þ 1/c þ 1/e. Weighted effect sizes (dþ and LORþ) were then calculated by multiplying the effect size (d or LOR) by the inverse variance weight (w) for each study.
Mean effect sizes were also calculated by summing the weighted effect sizes for each continuous and dichotomous health outcome and dividing by the sum of the inverse variance weights. The standard error (SE) of this mean effect size is calculated by the formula SE ¼ p 1/AEw i , where w i is the inverse variance weight associated with effect size i with i representing all effect sizes for this outcome (Hedges & Olkin, 1985) . The statistical significance of the mean effect size is calculated by dividing the absolute value of the mean effect size by the SE of the effect size, and comparing the value to a critical value in the z table. Homogeneity of the effect size distribution for each mean effect size was calculated using the Q statistic, which follows the chi-square distribution. Homogeneous distributions used the fixed effects model of meta-analysis (Lipsey & Wilson, 2002) . Lipsey and Wilson (1993) have provided recommendations for the interpretation of standardized mean difference effect scores in metaanalysis; effect sizes less than .30 are considered small, those equal to .50 are considered medium, and those greater than .67 are considered large. Logged odds ratios were converted back to odd's ratios for ease of interpretation.
Moderation analyses were conducted to assess the impact of the above-mentioned variables on the relationship between CSA and health. Subgroups were created for each moderator, and mean effect sizes, standard errors, Q statistics and confidence intervals were created for each subgroup. A variable was considered to have a moderating effect if the variance was lower in the subgroups than it was in the combined analysis and/or if the mean effect size differed between the subgroups (Hunter & Schmidt, 2004) .
Results
Overall Effects
Weighted and unweighted effect sizes for each study are presented in Tables 2 and 3 (insert hyperlink here). Analysis of mean effect sizes (displayed in Table 4) revealed significant small to moderate group differences for all but two analyses. Continuous measures of general health and pain outcomes yielded significant positive group differences, such that victims of CSA experienced significantly more health complaints (e.g., frequency, intensity) than comparison groups. Mean group differences were not significant for continuous measures of GI symptoms or obesity. Mean effect sizes of all dichotomous health outcomes also demonstrated significant group differences. Odds ratios revealed that individuals with a history of CSA are 1.35-2.12 times more likely to endorse health outcomes than individuals from comparison groups. Examination of the Q statistics revealed that the distributions for all 10 health categories were homogeneous, suggesting that there was not substantial between-study variation. Therefore, the fixed effects model was appropriate for the present analyses.
Moderation Effects
Moderation is generally not tested if the effect size distribution is homogeneous. However, heterogeneity may be masked by the small number of studies included in the present review (Lipsey & Wilson, 2002) , and therefore, exploratory moderation analyses were conducted to identify suggestive trends. Analyses were conducted on each of the health outcomes only when at least two studies represented each subgroup. Most moderation analyses were conducted with small subgroups, and should be interpreted with caution. First, subgroup variance was compared with the variance of the overall group analysis for each health outcome possible. Results did not reveal a meaningful difference in variance between analyses for any of the moderators, suggesting there were no statistically significant moderation effects. However, in exploratory analyses, overall mean effect sizes of the subgroup analyses were examined as these observations may inform future research. With the exception of GI symptoms, mean effect sizes for clinical samples were substantially higher than those for community samples, suggesting that the effect sizes (both standardized mean differences and odds ratios) of health problems between individuals with and without a history of CSA are larger for clinical samples than community samples. Subgroup analyses for sex, abuse definition, method of CSA assessment, and type of comparison group did not yield suggestive findings.
Discussion
Results of the present meta-analysis support the conclusions of many qualitative reviews (e.g., Leserman, 2005; Springer et al., 2003) by demonstrating that CSA was systematically related to higher rates of subsequent physical health symptoms, including general health, GI, gynecologic, pain and cardiopulmonary symptoms, and obesity. The only exceptions to these overall significant results were gastrointestinal symptoms and obesity assessed via continuous measures. Though results were not significant, the effect size for continuous GI symptoms was still smallmoderate, and non-significance likely stemmed from lack of power. Furthermore, it is interesting to note the difference in significance between the continuous and dichotomous health outcomes. Although it is not possible to directly compare continuous and dichotomous outcomes in the present analyses, it may be that methodological differences (e.g., continuous versus dichotomous assessment) may account for the observed differences in findings.
The small number of studies that met criteria for inclusion in the present meta-analysis was somewhat surprising considering the large body of literature on CSA and long-term health. While qualitative reviews are able to make broad assessments of a methodologically disparate literature, the present analysis was more constrained by the requirements of meta-analysis. The relatively small number of studies that were appropriate for the present review highlights a potential weakness in the current literature on CSA and long-term health consequences, and suggests a need for more empirical studies, particularly for certain health outcomes such as cardiopulmonary symptoms.
Several meta-analyses (e.g., Neumann et al., 1996; Paolucci et al., 2001; Rind et al., 1998) have been conducted to evaluate the impact of CSA on a broad range of psychological health outcomes while the present review is the first, to our knowledge, to conduct a quantitative review of the impact of CSA on several long-term physical health outcomes. Clearly the cost to both quality of life and health care utilization associated with these physical health problems creates a need to thoroughly examine mechanisms and moderators of this relationship. The present review provides a systematic evaluation of CSA and physical health and demonstrates the potential for growth and improvement in this field.
As a relatively new topic of interest, there are large methodological discrepancies between studies. This lack of standardization creates difficulty in generalizing across studies and interpreting inconsistent findings. Therefore, the consistent homogeneity of the effect size distributions was an unexpected finding. This homogeneity suggests that the variance between studies is due to random error rather than study characteristics or methodological differences.
Moderation analyses are typically recommended when studies are heterogeneous, but may also be appropriate if there are large ranges in effect sizes and when heterogeneity may be masked by small sample sizes. Therefore, exploratory moderation subgroup analyses were conducted. Results did not meet the requirements for significance. However, examination of differences between mean effect sizes in subgroup analyses can identify potential trends and suggest areas of focus for future research.
Subgroup analyses comparing clinical and community samples revealed that the differences in health between CSA and comparison groups were larger in clinical samples than in community samples, suggesting that caution should be taken in generalizing findings from one recruitment setting to the other. Analysis of sex, abuse definition, method of CSA assessment, and type of comparison group did not reveal any clear trends that would improve our understanding of inconsistencies in the literature.
The division and definition of subgroups were quite broad in the present review, which was restricted by available studies. As more empirical evidence of the association between CSA and physical health is collected, it will become possible to form more specific groups to further explore methodological moderators. For example, rather than a simple division between self-administered questionnaire and interview to define method of CSA assessment, it may be more beneficial to examine specific types of assessment (i.e., telephone interview, face-to-face interview, anonymous postal questionnaire, questionnaire self-administered in the presences of a researcher) as these may have very different methodological implications than those observed in the collapsed groups (see Hulme, 2004) . In addition, a larger number of studies would allow for examination of interactions between moderators. For example, perhaps method of CSA assessment interacts with the definition of abuse, such that certain methods of assessment are most appropriate for certain definitions or impact of assessment may vary based on the sex. Future analyses could benefit from these more complex considerations of methodological factors which may help explain inconsistencies and improve future research design.
The results of the present analyses clearly demonstrate the greatest limitation; small sample size, particularly with moderation analyses. Although this limits conclusions that may be drawn from the present analyses, it highlights a concern regarding this literature as a whole. Although the present study supports the conclusions of qualitative reviews regarding the long-term health consequences of CSA (e.g., Leserman, 2005; Springer et al., 2003) , the present analysis suggests that while there may be a variety of sources available regarding the association between CSA and later health outcomes, the methodologies and statistics are not comparable across studies. Moderation analyses highlighted some potential areas for future exploration, and the literature would benefit from increased attention to these factors. Overall, the present review supports the impact of CSA history on long-term physical health consequences, and identifies methodological factors that should be considered more carefully in future research.
